RAPID COMMUNICATIONS

Anisotropic electronic structure of orthorhombic RbCgy: A high-field ESR investigation
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The full anisotropy of the electrongrtensor of a Rbg, single crystal was determined by applying high-field
ESR. The principal values of ttggetensorg,,=2.0014,9,,=2.0012, andy,,=2.0019 reflect the orthorhombic
symmetry and 3D nature of this polymeric phase.
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RbCso and CsG, belong to the class of fullerides with the The dimensions of the crystals used by us are in the range
largest number of stable and metastable phases. Among tfi@m 0.3 to 0.5 mm. X-ray-diffraction measurements re-
different phases the polymeric orthorhombic phase, whictvealed that the crystals consist of a mosaic structiFais
forms at about 350 K when lowering the temperature fromdoes not affect our analysis too much, however, since the
the high-temperature cubic phase, attracted most attentiofrientation dependence of the ESR lineshift is only of the
The ground state of this phase below the metal-insulatogin/cos type. More serious is the appearance of different do-
transition around 50 K is still under debate. The polymermains. These emerge when going from the fcc phase to the
bonds formed by a-22 cycloaddition(two sp® bonds result ~ orthorhombic polymer phase. When passing through this
in an unusually short spacing of the fullerene moleculegphase transition there exists a total of six different orthogonal
along thea axis of the orthorhombic unit cell, which has led orientations of the domains. In the following we will deal
to the proposal of quasi-one-dimensional conductivity and avith this situation.
corresponding transition to a low-temperature spin-density RbGg, single-crystal samples were investigated using
wave (SDW) staté as in the Bechgaard salts like ESR at X- and W-band frequencies, i.e., at 9 and 94 GHz.
(TMTSF),PF;.2 This conjecture was supported by the obser-X-band measurements were performed using a standard
vation of drastic ESR line broadening below the metal-Bruker spectrometer equipped with a ;pErectangular cav-
insulator transition, which was interpreted as antiferromagity. For the 94 GHz measurements a Bruker Elexsys 680
netic resonancéAFMR) being the typical fingerprint of a W-band spectrometer with a cylindrical cavity was used. We
SDW, by Jaossyet al® Since only powder samples were note that at W-band frequencies line shifts dug tmisotro-
investigated up to then, the characteristic features of AFMRpies are by a factor of 10 larger than at the X band.
were only partially resolved. Others therefore issued a note ESR measurements performed at the X band showed a
of care concerning the interpretation of the ESR ddfane  single Lorentzian line in the temperature range from about
assumes the AFMR interpretation to be correct it is still an40 K to room temperaturésee inset of Fig. )1 Its width is
open question whether the low-temperature phase is an SDV¢lated to the electronic dynamics which is governed by the
or 3D antiferromagneti¢AFM) state. conduction electron scatterifigAt 50 K a linewidth of

Settling this open question depends very much on the diAB gww=0.352 mT is observed with an isotropicfactor
mensionality or nesting properties of the metallic phasediso=2.0015. The linewidth increases strongly with tem-
Chauvetet al! proposed a low-dimensional metallic state perature. Below the metal-insulator transitiG#0 K) the
which may suggest itself due to the polymeric structure and
more importantly by comparing the ESR linewidth with the
cubic fulleride RRCgy. Considering the same spin-orbit in-
teraction for both metals the 3D metal is expected to show a
much broader ESR line as compared with the 1D metal ac-
cording to the Elliott theory.The much narrower ESR line-
width observed in orthorhombic RRgseems to justify this
conjecture.

In this contribution we show that thgtensor anisotropy
(i) contributes to the ESR linewidth in powder samples in
particular at high fields, andi) more importantly is consis-
tent with a 3D metallic state. In order to separgteensor ]
line shifts from dynamic broadening we performed a high- AN A A N L A
field (94 GH2 single-crystal ESR investigation. magnetic field (mT)

The single-crystal samples were prepared by stoichiomet-
ricly doping G crystals with rubidium and removing all FIG. 1. Comparison of the resolvefanisotropy line structure
unwanted phases by dissolving the crystal in toluene. A moré the W band(94 GH2 with the unresolved Lorentzian line in the
detailed description of the procedure can be found in Ref. 6X band (9 GH2) (inseb at 50 K.
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TABLE I. g-tensor values and their standard deviation resulting
180 ° from ten different simulations: the different tensor elements are
defined agyis,= %(gxx+gyy+gzz)1 Ag=(9z7~9iso), and 7= (0xx
SN 150 © —0yy)/Ag. giso Was determined in the X band by comparison with
Ve a standard,; its error is the experimental accuracy.
———j\/—— 120 °© g-tensor values
/ 4 90 © Jiso Ag Y
< Average 2.0015 0.00038 0.61
A S 4 60 © Error 0.0001 0.00004 0.12
- N O Gy 9z,

v Average 2.00143 2.00119 2.00188
y\\\/f— 30 ° Error 0.00013 0.00016 0.00014
—J\\/f* 0° Several thousand steps are required to achieve a reasonable

4 agreement between the simulation and the data. A typical

2360 | 3362 | a3e4 | 3366 3368 example of a fit is represented by the dashed lines in
magnetic field (mT) Fig. 2. For the fit in Fig. 2 the relative weights
(1.00,1.02,0.19,1.80,2.06,0)18f the six domains were ob-
FIG. 2. Orientational dependence of the line structure at the Wajined.
band at 50 K. The sample was rotated about an axis perpendicular 14 increase the confidence level of the fitting procedure,
to the field in steps of 30°. Dashed lines represent the spectra obpe genetic algorithm was started from random initial param-
tained from a genetic fitting procedure as described in the text. eter sets several times. The resuling Euler angles vary
strongly from one fit to the other, because there is a high
degree of degeneracy among the different orientations for the
linewidth increases again resulting in a minimal linewidth atdomains with respect to the sample frame. Nevertheless the
around 60 K. g-tensor values show only slight variations. Table | lists the
The W-band spectrum corresponds to a set of overlappingverage value of the parameters extracted from ten different
Lorentzian lines arising from the different unit cell orienta- runs of the simulation, together with the standard deviation
tions of the crystal with respect to the magnetic field. Rotafor these ten sets.
tion of the sample reveals a strong orientational dependence From Fig. 2 it is obvious that the simulation does match
of the line pattern, as displayed in Fig. 2. The sample washe spectra pretty well although not completely. We believe
rotated in steps of 30° to obtain the series of spectra. In ordghis to be due to the fact that the sample is not a perfect
to determine the full tensor, which describes the electronic single crystal, but contains small contributions from unori-
anisotropy of the unit cell, the single-crystal spectrum is anaented and disordered interdomain material. Nevertheless the
lyzed for a number of different orientatiofisee Fig. 2 This  standard error for the values found is rather small, so that
is not a trivial task, because of the domain structure of thevithin the limits of our model we are quite optimistic about
crystals. the accuracy of the results. In conclusion we determined the
All differently oriented domains are expected to have thenonaxial g tensor for the orthorhombic polymer phase of
sameg tensor. According to the orthorhombic structure weRbGg,, with principal valuesg,,=2.00143,g,,=2.00119,
expect six different orientations of domains. Correspond-and g,,=2.00188 corresponding to an isotrogjdactor of
ingly our simulation uses a weighted sum of six differentg;s,=2.0015.
tensor orientations. In its local frame, theensor is charac- In what follows we will draw a connection between the
terized Dy giso=5(guxt Oyyt 9z, Ag=(9,,~0isd» 7  tensor and the electronic structure. Band-structure calcula-
=(9xx—9yy)/Ag. Since the weight of each of the domains is tions which include the calculation of tlgetensor are unfor-
unknown we introduce it as a fitting parameter. For simplic-tunately not available. We must therefore resort to symmetry
ity we assume the same orientation-independent ESR linesrguments. It follows from symmetry that the principal axes
width for all individual lines. Altogether, 13 parameters de- must correspond to the b, ¢ axes of the orthorhombic unit
termine the spectrum: six weight factors, the linewidth, threecell. Because of the domain structure of the sample we can-
parameters corresponding to the three principal values of theot determine the relation between theensor principal
g tensor, and three Euler angles describing the orientation aixes §,y,z) and the &,b,c) crystal axes from the experi-
the crystal with respect to the magnetic field. mental data alone. We note, however, that the conduction
All seven spectra displayed in Fig. 2 were fitted at onceelectron spin-density distribution as determined from NMR
This was achieved with a simulation program written indata° has the polymer axisa) as its unique axis. We
C/C++ which calculates a set of single-crystal spectra usingherefore conjecture that the same axis corresponds to the
the Gamma librar§,determines the standard deviation with unique axis of theg tensor ¢ axis). The anisotropy in the
respect to the set of experimental spectra and uses a genefilane perpendicular to theeaxis (b,c or x,y axes is appre-
algorithm to minimize the errors by varying all parameters.ciable but much less than between thaxis and thex,y
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axes, consistent with the orthorhombic band structure as cak140 mT at 50 K from Ref. 12 and\Bgyum(RbGCso)

culated by Erwinet al* =0.352 mT from our X-band measurement, it becomes ob-
_In conclusion theg-tensor parameters are fully consistentyjoys that there is no need at all to interpret the “narrow”

with a 3D electronic structure of orthorhombic RRC  Rpc,, ESR line in terms of a quasi-one-dimensional metal. It

Moreover, comparing the deviation of the isotrogiéactor  ghq|q he noted that the 3D nature of the electronic state

(69=2.0023-giso) Of RbsCqo [~0.035 at 50 K(Ref. 12] g gqests an antiferromagntic ground state rather than an
with the one for Rbg, (0.00089 and considering that the SDW ground state.

linewidth is proportional tosg? according to the Elliott
mechanism, one expects a linewidth ratio of We gratefully acknowledge financial support by the
AB(Rb;Cg0)/ AB(RbGCys) ~1900. Comparing this to the Deutsche ForschungsgemeinschH®fG) and the Fonds der

linewidth ratio of the measured ESR signals, Chemischen Industrie. We thank G. Denninger for helpful
AB(RB;Cg0)/ AB(RbCy0) =400, using ABrywhm(RbsCgo) discussions and introducing us to the genetic fit algorithms.
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